Abstract. Neutron diffraction studies of Ba(Fe 1-x Co x ) 2 As 2 reveal that commensurate antiferromagnetic order gives way to incommensurate magnetic order for Co compositions between 0.056 < x < 0.06. The incommensurability has the form of a small transverse splitting (0, ±ε, 0) from the nominal commensurate antiferromagnetic propagation vector Q AFM = (1, 0, 1) (in orthorhombic notation) where ε ≈ 0.02 − 0.03 and is composition dependent. The results are consistent with the formation of a spin-density wave driven by Fermi surface nesting of electron and hole pockets and confirm the itinerant nature of magnetism in the iron arsenide superconductors.
Unconventional superconductivity is often associated with the pairing of electrons via spin fluctuations that appear close to a magnetic ordering instability. In this respect, the nature and origin of the magnetic instability itself is an important ingredient of any theory of superconductivity. In the iron arsenide compounds, the magnetism has been discussed from two limits; an itinerant and a local moment limit. The parent AEFe 2 As 2 -based superconductors (AE = Ca, Sr, Ba) are antiferromagnetic (AFM) metals, which suggests that an itinerant description is an appropriate starting point. AFM order is observed with a commensurate magnetic propagation vector Q AFM = (1, 0, 1) (expressed in orthorhombic notation) in a variety of iron arsenide compounds by neutron and x-ray resonant magnetic diffraction. [1] [2] [3] [4] [5] [6] [7] [8] [9] The small ordered moments measured in these systems (< 1 µ B ) also favor an itinerant description. In principle, the propagation vector of the AFM order itself, Q AFM , should further strengthen the case for itinerant magnetism, as both band structure calculations [10, 11] and angle-resolved photoemission data [12] [13] [14] display Fermi surface nesting between electron and hole pockets with a nesting vector close to Q AFM . Here we define an itinerant spin-density wave (SDW) as magnetic order resulting from an instability due to Fermi surface nesting, with the best known example being the incommensurate (IC) SDW order observed in Cr metal. [15] However, the commensurate (C) AFM order observed at Q AFM can also be described within a local moment picture that may become relevant in the presence of moderately large electronic correlations and can be quantified, for example, in terms of the J 1 -J 2 Heisenberg model where Detailed band structure calculations of the magnetic susceptibility in the iron arsenides predict that the Fermi surface nesting condition can result in either C-SDW order at Q AFM , or IC-SDW order with a propagation vector τ = Q AFM + ε where ε is a small incommesurability. [17, 18] Although the observation of IC magnetic order with a propagation vector similar to that predicted by band structure calculations would clearly favor an itinerant SDW description of the AEFe 2 As 2 system, detailed magnetic diffraction studies have observed only C-AFM order with a propagation vector Q AFM in several AEFe 2 As 2 systems including the parent compounds [1] [2] [3] 75 As nuclear magnetic resonance [20] , 57 Fe Mössbauer [21] , and muon spin resonance [22] measurements. However, detailed measurements of the AFM ordering by both neutron and high resolution x-ray resonant magnetic diffraction have found no incommensurability in Ba(Fe 1-x Co x ) 2 As 2 up to x = 0.047. [6] In this Letter, neutron diffraction data demonstrate that IC magnetic order does indeed We now turn to ab initio calculations of the magnetic susceptibility in order to show that the observed IC-AFM order can be understood as a SDW driven by Fermi surface nesting. Previous electronic structure calculations using density functional theory show maxima in the generalized spin susceptibility away from Q AFM in doped AEFe 2 As 2 compounds and therefore point to a tendency for IC-SDW order. [17, 18] To gain insight into potential incommensurability at doping levels where we observe static IC-AFM order, we performed calculations of the generalized bare susceptibility employing the full-potential linearized augmented plane wave (FPLAPW) method, [24] with a local density functional. The development of C or IC-SDW order has also been studied in the iron arsenides using an effective two-dimensional, two-band Ginzburg-Landau approach. [10, 31] In a spirit similar to Cr, IC-SDW order is favored when nesting occurs between electron and hole pockets having circular cross-sections of unequal area at the Fermi level. The introduction of more realistic elliptical electron pockets favor C-SDW order as long as the electron and hole pocket areas are not too strongly mismatched, as is the case for the parent compounds. However, even with elliptical electron pockets, doping detunes the two pockets and eventually results in a mismatch that favors IC-SDW order. This analysis suggests that Fermi surface nesting is a crucial factor in stabilizing both C and IC phases in the magnetic phase diagram of the AEFe 2 As 2 compounds.
Unlike Cr, the doped iron arsenides are superconductors, and both C and IC-SDW order are observed to coexist with superconductivity. Ginzburg-Landau models [10, 31] indicate that the competition and coexistence of superconductivity with either C or IC-SDW order is much more likely with an unconventional s +-pairing symmetry. Thus, a simple two-band approach appears to capture many of the essential features of the phase diagram of the AEFe 2 As 2 arsenides in terms of Fermi surface nesting, C and IC-SDW order, and unconventional s +-superconductivity. The resulting theoretical phase diagram [31] bears close resemblance to the experimental diagram in Fig. 3(a) . 
